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Abstract
Aims: The aim of this study was to investigate the asso-
ciation between the duration of breast-feeding and the
age at the first gluten introduction into the infant diet and
the incidence and age at onset of celiac disease. Meth-
ods: In a case-control study, 143 children with celiac dis-
ease and 137 randomly recruited gender- and age-
matched control children were administered a standard-
ized questionnaire. Multivariate-adjusted odds ratios
(OR) as estimates of the relative risk and corresponding
95% confidence intervals (95% CI) were calculated. Re-
sults: The risk of developing celiac disease decreased
significantly by 63% for children breast-fed for more than
2 months (OR 0.37, 95% CI 0.21–0.64) as compared with
children breast-fed for 2 months or less. The age at first
gluten introduction had no significant influence on the
incidence of celiac disease (OR 0.72, 95% CI 0.29–1.79
comparing first gluten introduction into infant diet 13
months vs. ^3 months). Conclusions: A significant pro-
tective effect on the incidence of celiac disease was sug-
gested by the duration of breast-feeding (partial breast-
feeding as well as exclusive breast-feeding). The data did
not support an influence of the age at first dietary gluten
exposure on the incidence of celiac disease. However,
the age at first gluten exposure appeared to affect the
age at onset of symptoms.
Copyright © 2001 S. Karger AG, Basel
Introduction
Over the last few decades, several hypotheses have
been proposed to explain the pathogenesis of celiac dis-
ease. Although a membrane glycoprotein defect, a missing
enzyme theory, and a mucosal permeability defect have
been implicated, an immunological theory has more re-
cently gained wide acceptance [1]. This theory has pro-
posed that both genetic and environmental factors are
involved in the pathogenesis of celiac disease. Environ-
mental factors, such as infant feeding, have been the focus
of a number of cross-sectional studies comparing data on
infant feeding with the manifestations of celiac disease.
Cross-sectional data collected from infants in the general
population, and not specifically from infants with celiac
disease, showed a correlation between infant feeding hab-
its and celiac disease. These data indicated that with lon-
ger duration of breast-feeding and older age at gluten
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introduction, the incidence of celiac disease decreased. In
addition, the onset of celiac disease was delayed in var-
ious populations [2–9]. In Sweden, the incidence of celiac
disease has increased during the last decades, particularly
in children born after 1982 [10, 11]. Interestingly, during
the same time, the infant feeding habits also changed. The
gluten content of infant follow-up formulas increased.
Further, the Swedish National Health Office recom-
mended a delay in the age of gluten introduction from 4 to
6 months [12, 13]. In order to investigate why the inci-
dence of celiac disease increased in Sweden, at the same
time there was no corresponding increase in neighboring
countries, several comparative studies of infant feeding
habits were undertaken [12–18]. Data from healthy in-
fants showed that the amount of gluten in the infant diet
was higher in Sweden, where the incidence of celiac dis-
ease is higher, as compared with its neighboring countries.
However, these studies investigated the infant feeding
practices of healthy children, and this may not reflect the
feeding practices of children with celiac disease.
The following patterns of infant feeding can be listed as
potential factors influencing incidence and age at onset of
celiac disease: (1) duration of breast-feeding; (2) breast-
feeding versus bottle-feeding when gluten is introduced
into the diet; (3) age at gluten introduction; (4) amount of
gluten in diet, and (5) type of gluten-containing cereals in
the diet.
The aim of this case-control study was to analyze the
impacts of the duration of breast-feeding (subdivided into
partial and exclusive breast-feeding) and the age at gluten
introduction on incidence and onset of celiac disease. The
results of this study were compared with results from pre-
vious observational studies [19–23].
Patients and Methods
The study design is described in detail elsewhere [24]. The sam-
pling took place from spring 1995 to fall 1996. Celiac disease cases
were enrolled from two sources: (1) an incidence study in northern
Germany and (2) a biannual meeting of the German Celiac Disease
Society (DZG). In the incidence study, all hospitals and pediatricians
from the two federal northern states (Schleswig-Holstein and Ham-
burg) were contacted to identify newly diagnosed patients for the
interval 1985–1995 in this region [24]. In Germany, pediatricians
have primary responsibility for the majority of preventive tests and
services for children. From the patients identified by the incidence
study, 74 celiac disease patients were contacted and asked to partici-
pate in the case-control study. To obtain a sufficiently large sample,
an additional 97 patients were recruited at a nationwide biannual
meeting of the DZG. Parents of all recruited children were asked to
complete a self-administered standardized questionnaire. If the fam-
ilies did not respond to two reminders, a second questionnaire was
mailed to them. Altogether 171 patients were recruited, and 150
(87.7%) answered the questionnaire. Patients with incomplete ques-
tionnaires or invalidated diagnoses of celiac disease were excluded
which reduced the number of cases to 143 (83.6%). The parents of
the patients were asked about the diagnosis of celiac disease. Addi-
tional diagnostic information (e.g., biopsy protocols, symptoms,
diagnostic test) for the case group that was enrolled in the incidence
study was provided from the patient’s primary pediatrician. This
information was used to validate the diagnosis of celiac disease.
Of all 143 patients, 133 (93%) had at least one biopsy of specimen
of the small intestine with findings typical of celiac disease according
to the criteria of the European Society for Pediatric Gastroenterology
and Nutrition [25]. The remaining 10 (7%) patients had strong clini-
cal and immunological findings consistent with celiac disease. These
10 patients had typical symptoms of celiac disease which disap-
peared after the introduction of a gluten-free diet. Reasons for miss-
ing or invalid biopsy results included parents’ refusal to obtain a
biopsy specimen, introduction of gluten-free diet prior to biopsy, and
unsuccessful biopsy. Ninety-eight percent of the patients showed typ-
ical symptoms of the disease during the diagnosis. These patients
were classified as symptomatic celiac disease patients. All 143
patients responded symptomatically to a gluten-free diet. Character-
istics of the two case groups (incidence study from northern Germa-
ny and meeting of the DZG) were compared before pooling. No sig-
nificant differences were observed between the two groups.
A gender- and age-matched random group of 261 control children
was identified through the population registry of the two federal states
Hamburg and Schleswig-Holstein. The same standardized question-
naire used for the celiac disease patients (with exclusion of questions
about diagnosis of celiac disease) was sent to the families. A follow-up
protocol identical to that of the case group was used to remind families
that did not respond. One hundred and forty-three (54.8%) parents
answered the questionnaire. Children were excluded from the control
group, if the child of a first-order relative had celiac disease or derma-
titis herpetiformis (n = 3) or if the questionnaire was incomplete (n =
3). One hundred and thirty-seven controls (52.5%) were eligible for
the analysis. Enrollment for the case and control groups was limited to
children younger than 10 years. All parents of children in the study
were informed about nature and purpose of the study, data protection,
and data deletion. Further, participants were informed that participa-
tion was voluntary and could be withdrawn at any time. The Commis-
sioner of Data Protection oversaw the sampling.
All parents were asked about duration of breast-feeding (exclu-
sive and partial) and the type of bottle-feeding. The age of the child
when gluten-containing products were introduced was assessed sepa-
rately for various infant products such as porridge, cereal drinks,
multigrain and oat flakes, bread, and cakes. Parents of children with
celiac disease were also asked about diagnosis and symptoms.
Statistical Analysis
Comparisons between the two case groups were performed before
pooling; t tests, Mann-Whitney U tests, and Pearson chi-square-tests
were used, depending on the characteristics of the variables. Differ-
ences were reported as significantly different, if double-sided p val-
ues were !0.05. An unmatched analysis of the case-control study was
performed, because matched and unmatched odds ratios (ORs) for
the main effects did not differ. ORs as relative risk estimates and the
corresponding 95% confidence intervals (CI) were estimated by fit-
ting multiple logistic regression models to the data. The following
potential confounders were taken into account: age, sex, number of
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Fig. 1. Duration of breast-feeding in children with celiac disease (n = 143) and in control children (n = 137).
Table 1. Characteristics of infant feeding in cases with celiac disease and population-based controls
Infant feeding characteristics Cases
n mean SD
Controls
n mean SD
Partially 143 3.9 3.8 137 5.9 5.4 p ! 0.01
Exclusively 143 2.1 2.5 137 2.7 2.3 p ! 0.01
Age at gluten introduction, months 134 5.4 1.6 136 5.7 2.5 NS
Breast-fed when gluten introduced, % 134 33 136 51 OR 0.47
CI 0.29–0.7
Statistical comparisons were performed using Wilcoxon’s test.
inhabitants of residence, family predisposition to celiac disease, and
duration of breast-feeding or age at gluten introduction. The likeli-
hood ratio test and the Hosmer-Lemeshow goodness of fit test were
used to test the model fit [26]. Interactions were tested by Wald test
of product term at a p value of 0.2. In the case group, mean and
median ages at onset of symptoms were compared with age at gluten
introduction (comparing 14 months to ^4 months) and duration of
breast-feeding (comparing 12 months to ^2 months) by log-rank
tests. Cumulative proportions of age at onset of symptoms were esti-
mated by the product-limit method and displaced as Kaplan-Meier
plots [27]. The effects of duration of breast-feeding and age at gluten
introduction on the age of onset of symptoms were estimated simul-
taneously by fitting a multiple Cox regression model [27] adjusted for
age, sex, number of inhabitants of residence, and family predisposi-
tion to celiac disease.
Results
The mean age of cases and controls at enrollment was
6.4 (median 6.2) years. The mean duration of breast-feed-
ing (partial and exclusive) was 3.9 (range 0.0–15.5)
months in cases and 5.9 (range 0.0–36.0) months in con-
trols (table 1, fig. 1). The mean age at first exposure to
foods containing gluten was in cases 5.4 (range 2.0–12.0)
months and in controls 5.7 (range 1.0–12.0) months (ta-
ble 1, fig. 2). As compared with the control group, the chil-
dren with celiac disease were breast-fed (partially and
exclusively) for a significantly shorter period (table 1).
The age at gluten introduction did not differ significantly
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Fig. 2. Age at first dietary gluten exposure in
cases with celiac disease (n = 134) and con-
trols (n = 136).
Table 2. Association of celiac disease and duration of breast-feeding
in a case control study
Duration of breast-feeding ORa 95% CI of OR
Per month (continuous) 0.89 0.84–0.95
12 months vs. ^ 2 months 0.37 0.21–0.64
0 month 1.00 –
10 to !3 months 0.39 0.15–1.02
63 to !7 months 0.22 0.08–0.59
67 months 0.18 0.06–0.52
a Adjusted for age, sex, number of inhabitants of residence, family
history of celiac disease, and age at gluten introduction.
Table 3. Relative risk of celiac disease by different categories of age
at gluten introduction
Age at gluten introduction ORa 95% CI of OR
Per month (continuous) 0.98 0.86–1.11
13 months vs. ^ 3 months 0.72 0.29–1.79
^3 months 1.00 –
13 to ^ 4 months 0.52 0.18–1.44
14 to ^ 5 months 1.21 0.40–3.68
15 months 0.72 0.28–1.85
a Adjusted for age, sex, number of inhabitants of residence, family
history of celiac disease, and duration of breast-feeding.
between children with celiac disease and control children.
As compared with controls, cases were 53% less likely to
be breast-fed, when gluten was introduced into their diet
(OR 0.47, 95% CI 0.27–0.84).
The risk of developing celiac disease decreased signifi-
cantly by 63% for children being breast-fed for more than
2 months (OR 0.37, 95% CI 0.21–0.64) as compared with
children being breast-fed for 2 months or less (table 2).
Furthermore, the risk of celiac disease, as compared with
children who were not breast-fed, decreased by about 61%
in children who were breast-fed for 10 to !3 months, by
about 78% in children who were breast-fed for 63 to !7
months, and by about 82% in children who were breast-
fed for 7 months or more (table 2). Coding the duration of
breast-feeding continuously indicated a significant reduc-
tion of the risk by 11% (OR 0.89, 95% CI 0.84–0.95) for
each month of breast-feeding (table 2). Considering only
the period during which the children were breast-fed
exclusively, the risk was reduced by 12% (OR 0.88, 95%
CI 0.79–0.98) for each nursed month. As compared with
children who were not breast-fed (n = 26), the OR of celiac
disease decreased slightly for each successive month of
breast-feeding (partially breast-fed: fig. 3; exclusively
breast-fed: fig. 4).
The age at first gluten introduction into the diet did not
indicate a significant association with the incidence of
celiac disease (OR 0.72, 95% CI 0.29–1.79 comparing
first gluten introduction into infant diet 13 months, vs.
^ 3 months; table 3).
Neither the age at dietary gluten introduction nor the
family predisposition to celiac disease showed a relation-
ship to the duration of breast-feeding.
Likelihood ratio test and Hosmer-Lemeshow goodness
of fit test showed that the logistic regression model fits the
data well. Depending on the final model, the p values of
the likelihood ratio tests were between 0.0002 and 0.0000
Breast-feeding (partial)
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Fig. 3. Association of celiac disease and duration of partial breast-
feeding (reference group: never breast-fed children, n = 26), p for
trend !0.001.
Fig. 4. Association of celiac disease and duration of exclusively
breast-feeding (reference group: never breast-fed children, n = 26),
p for trend !0.05.
Table 4. Age at onset of symptoms of celiac disease stratified by infant feeding characteristics
Infant feeding Age at onset of symptoms, months
mean 95% CI median 95% CI
n
^2 months 11 9, 12 9 8, 10 60
12 months 15 12, 18 11 9, 13 75 p ! 0.01
Age at gluten introduction
^4 months 9 7, 12 8 6, 10 38
14 months 14 12, 17 11 10, 12 90 p ! 0.01
Statistical comparisons were performed using log-rank test.
as compared with the simplest model (Hosmer-Leme-
show test: p value between 0.12 and 0.84).
Data for the age at onset of symptoms were available
for 135 of the 143 celiac disease patients. The median age
at onset of symptoms was 13.0 (range 1.0–84.0) months.
The data showed that symptoms of celiac disease in
patients who were not breast-fed or breast-fed for 2
months or less appeared on average 4 months earlier than
in patients who were breast-fed for more than 2 months
(p ! 0.01; table 4). For the age at gluten introduction, a
significant difference in the onset of symptoms was ob-
served as well. The onset of symptoms was on average 5
months earlier when gluten was introduced early (com-
paring 14 months vs. ^4 months, p ! 0.01; table 4). Fig-
ures 5 and 6 show the increasing cumulative probability
of onset of symptoms of celiac disease with increasing age,
depending on different durations of breast-feeding and
age at gluten introduction. When both predictors, dura-
tion of breast-feeding and age at gluten introduction, were
modeled simultaneously, only the duration of breast-feed-
ing was a significant predictor in a Cox regression analysis
adjusted for age, sex, number of inhabitants of residence,
and family predisposition to celiac disease. The relative
risk for breast-feeding comparing 12 months to ^2
months was 0.64 (95% CI 0.43–0.95), and the relative risk
for age at gluten introduction (comparing 14 months to
^4 months) was 0.66 (95% CI 0.44–1.00).
Discussion
The results of this case-control study suggest that chil-
dren who were breast-fed for more than 2 months have a
63% reduced risk of developing celiac disease as com-
pared with their peers who were breast-fed for 2 months
or less. The inverse association between breast-feeding
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Fig. 5. Kaplan-Meier plots of age at onset of symptoms of celiac dis-
ease stratified by duration of breast-feeding (p = 0.006; log-rank
test).
Fig. 6. Kaplan-Meier plots of age at onset of symptoms of celiac dis-
ease stratified by age at first gluten introduction (p = 0.002; log-rank
test).
and celiac disease was seen for exclusive breast-feeding
and partial breast-feeding. The data also suggest a trend of
an increasing protective effect with increasing duration of
breast-feeding.
Further, the data suggest that for the children with
celiac disease, the age at onset of symptoms was signifi-
cantly higher in those who were breast-fed longer and
were exposed to gluten at a later age. Adjustments for gen-
der, number of inhabitants in the residence, prior cases in
the family, and age at gluten introduction resulted in a
smaller but still significant effect of the duration of breast-
feeding. The duration of breast-feeding had a stronger
effect on the age at onset as compared with the age at
introduction of gluten. However, assuming that a later
onset is not related to a delayed diagnosis, it is unclear
whether an average delay in symptoms of 4 months is
clinically relevant, given that the children will still devel-
op the disease. A positive effect of breast-feeding on the
onset of celiac disease was observed in some earlier stud-
ies [7, 28–32]. However, these studies did not adjust for
potential confounders which were shown in our study to
bias results for the age at introduction of gluten. Only the
studies performed by Greco et al. [29] and Anderson and
Brueton [33] investigated simultaneously age at gluten
introduction and duration of breast-feeding. Greco et al.
[29] described a positive effect of breast-feeding, while
Anderson and Brueton [33] found a positive effect for the
age at gluten introduction on the onset of celiac disease.
A general limitation of our study design was the diffi-
culty in distinguishing between the effect of breast-feed-
ing and the start of gluten substitution, since they showed
considerable correlation (r = 0.44 and r = 0.54) in the two
case subgroups. Mothers who breast-feed their child ex-
clusively will typically not start feeding gluten before they
switch at least to partial breast-feeding. Since the effect of
age at first exposure to gluten was weaker and not statisti-
cally significant, our data suggest that the protective effect
of breast-feeding was more important than the effect of
later gluten introduction. This was shown only in a popu-
lation of children up to 10 years of age and may reverse at
a later age.
Case-control studies are an efficient design for rare dis-
eases, but methodological limitations must be considered.
The response rate was high in the case group (88%), but
significantly lower in the control group (55%). Although a
control response rate of 55% is typical of mailed question-
naires in Germany, it cannot be ruled out that a selected
group of control parents responded. A likely scenario is
that parents with a greater interest in nutrition and infant
feeding and higher socioeconomic status are more likely
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both to participate in the study and to nurse their children
for a longer duration. This would bias the effect of breast-
feeding towards a stronger protective effect (away from
the null).
Due to the retrospective design, misclassification of
the duration of breast-feeding and of the age at introduc-
tion of gluten as well as misclassification of the age at
onset of symptoms were likely to occur. A population-
based case-control study compares the exposure distribu-
tion of the source population in randomly selected con-
trols with the exposure of the cases arising from the source
population [34]. However, in our study, only 67 cases
were identified in the incidence study and fulfilled the cri-
teria of a population-based study design. Subsequently, 76
cases were enrolled at the national meeting of the DZG.
Both subgroups of cases did not differ in measured char-
acteristics, and we combined these two case groups in the
analysis. Selection bias is possible because we cannot rule
out the chance that patients from the DZG meeting differ
with regard to the socioeconomic status.
The effect of infant feeding on celiac disease has been
investigated in five case-control studies [19–23] and in
our study. A protective effect of breast-feeding on the
development of celiac disease was suggested in all studies,
except the study of Ascher et al. [23]. An effect for the age
at gluten introduction on the incidence of celiac disease
was found only in the study of Ivarsson et al. [22]. The age
of the children at the time of the interview differed among
studies. In the study of Ascher et al. [23], the median age
for the cases was 7.9 years and for the controls 7.4 years.
In our study, the median age was also high: 6.2 (mean 6.4)
years. More precise data about infant feeding can be
reported by Fälth-Magnusson [21] (mean age 3.1 years)
and Greco et al. [20] (mean age 2.3 years), because the
interview time was closer to the time period of interest.
The methods of statistical analyses also varied among
the studies. Fälth-Magnusson et al. [21] and Ascher et al.
[23] used descriptive statistics. The study of Ivarsson et al.
[22] was published only in abstract form, and thus data
about the statistical analyses are not available. Only the
studies of Auricchio et al. [19] and Greco et al. [20] con-
trolled for potential confounders by matching or stratified
analyses. Auricchio et al. [19] used siblings as controls.
However, since similar infant feeding patterns can be
expected among siblings, overmatching has to be consid-
ered in the study of Auricchio et al. [19].
All case-control studies other than the study of Ascher
et al. [23] showed a protective effect of breast-feeding.
Our study as well as the study performed by Fälth-Mag-
nusson et al. [21] found a significantly protective effect on
the incidence of celiac disease for the duration of partial
breast-feeding as well as exclusive breast-feeding. This
result may demonstrate a protective effect of breast-feed-
ing in general. Ascher et al. [23] investigated only geneti-
cally predisposed siblings of patients with celiac disease.
A biopsy of the small intestine performed on all siblings
showed that 8 out of 81 biopsied children had a silent
celiac disease. These 8 silent patients formed the case
group. These cases were ‘more or less’ asymptomatic cases
[23], while the cases in the other studies were clinically
diagnosed and, therefore, mainly symptomatic cases.
Apart from problems with the study design, which in-
cluded a relatively old age of the children and a low sam-
ple size of only 8 cases, the lack of symptomatic cases
could explain why Ascher et al. [23] reported no effect of
the duration of breast-feeding. Asymptomatic cases are
underdiagnosed, and data on infant feeding habits of
asymptomatic children with celiac disease are rare. The
duration of breast-feeding of 2 asymptomatic cases in our
study was 12 months. The duration of these 2 cases was
8.1 months longer than the average duration of breast-
feeding in all cases. Because of the small sample size of
asymptomatic cases, the data are inconclusive, yet can
generate the hypothesis that a long duration of breast-
feeding reduces symptoms and delays the onset of celiac
disease. Further research on infant feeding of cases with
asymptomatic celiac disease is necessary.
Ivarsson et al. [22] reported an effect of age at gluten
introduction on celiac disease; however, the effect was
inconsistent. The risk of celiac disease increased when
gluten was introduced late [22]. All other case-control
studies including the present one did not find a significant
association between the age at first exposure to gluten
with celiac disease [19–21, 23]. It is possible that parents
had greater difficulty remembering at what time they first
fed their children food containing gluten than remember-
ing if and how long the children were breast-fed. Misclas-
sification may explain why the studies did not find an
association between age at gluten introduction and celiac
disease. It has been previously proposed that an abrupt
introduction of a high amount of gluten in infant feeding
has an effect on celiac disease [12–18]. However, the
quantitative effect of gluten could not be investigated
with our retrospective study design. A longitudinal study
with prospective measures of dietary intake of gluten
would be a more suitable study design for this purpose.
But because of the low incidence rate of celiac disease, a
very large sample size would be needed for a prospective
study. Therefore, a prospective cohort is a less realistic
study design.
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In summary, the results of this case-control study sug-
gest a protective effect for partial and exclusive breast-
feeding on the incidence of celiac disease. Breast-feeding
also appears to delay the onset of symptoms in children.
The effect of age at first gluten exposure on the onset of
symptoms appears to be weaker.
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